In order to estimate carbon stock in natural or planted forests, it is necessary to determine wood density and carbon content. Thus, the aim of this study is to determine wood basic density and average carbon content in young Tectona grandis trees grown in commercial plantations in southeast Pará. Study subjects were between four and five years old. Samples, in the form of wood discs taken at 1.3 m height from soil, were separated into bark, heartwood, and sapwood, considering two types of genetic material: clones and seeds. Basic density varied, on average, from 0.46 g cm -3 in sapwood to 0.49 g cm -3 in heartwood, and no significant difference was observed between genetic materials. Average carbon content varied from 36% in the bark to 44% in the wood, and significant differences were found between averages of the two materials. There was no significant correlation between basic density and carbon content (r=0.3147). It was concluded that heartwood formation has early occurrence in teak, but there are no significant basic density differences between sapwood and heartwood. However, there are carbon content differences between wood and bark in the ages analyzed.
Introduction
Forests play an important role in global carbon balance due to carbon fixation by photosynthesis, helping mitigate climate change. However, forests may also be an emission source, depending on their management (Broadmeadow & Matthews, 2003; Houghton, 2005; Sanquetta et al., 2011) . Therefore, their management and function are important for efforts to combat global warming. Quantifying carbon stock in forest ecosystems and changes resulting from human activity is essential to insert forests in climate policies at different levels (Watson, 2009) .
Teak (Tectona grandis L.f.) is a rapid growth species, and its wood has high market value. In Brazil, there is a large teak culture expansion, especially in southeast Pará, where there is land at affordable prices and in large-scale for forestry in areas previously occupied by livestock. It is estimated that 67,000 hectares are covered by teak plantations (ABRAF, 2012) , and there may be more than 20,000 hectares of young plantations with less than seven years old in southeast Pará.
Planting of teak and other forest species in areas formerly occupied by livestock is an important environmental service, as these areas have been cleared in the past, generating greenhouse gas emissions to the atmosphere. Implementation of teak forests will significantly contribute to carbon fixation, mitigating climate effects on a regional scale, adding value to production due to the high price of wood, and increasing social benefits due to labor employment in a larger scale than livestock. Research by Watzlawick (2003) and Sanquetta et al. (2014) reinforced the importance of commercial forest planting due to the environmental services provided by forests.
In order to measure the contribution of teak and other species in relation to carbon fixation, as well as to measure their economic value, it is essential that information about their carbon stock potential are available, as well as about the properties of wood produced in different growth phases and different managements, particularly in commercial plantations (Watzlawick, 2003) . In this context, wood density and carbon content are important variables that have direct influence on these calculations.
This study aimed to determine wood and bark carbon content and wood basic density in young teak trees established in the region of Redenção, southeast Pará.
Material and methods

Study Area Characterization
This study was conducted in plantations belonging to Floresteca (company), located in Redenção, southeast Pará, Brazil. The trees in question are young, with four to five years of age. Climate is super humid equatorial (Am) in the transition limit to Aw, according to Köppen classification, with average annual temperature of 25.35ºC, maximum of 32.01 ºC and minimum of 22.71 ºC. The region has variations among dry and rainy seasons, although maintaining relatively high humidity, with an actual average of 78% (IDESP, 2012) .
Tree Selection and Sample Collection
Based on forest inventory conducted in the study area in December 2012, 20 individuals with representative dimensions, i.e., covering the entire tree population diameter, were randomly selected. Sampling was carried out in two separate locations, near the municipality of Redenção, PA. Plantations in the two farms are divided into plots, each with 3 m x 2 m spacing, containing individuals of seminal and clonal origin. At the time, ten trees from each farm were sampled, with ten seminal and ten clonal individuals.
Laboratory Analysis
Wood discs cut 1.3 m above the soil were used for laboratory analysis. Samples were sent to BIOFIX (Biomass and Carbon Excellence Research Center), Federal University of Paraná (UFPR), where they were dried in an oven at 70 °C.
After drying, wood discs were separated on bark, sapwood, and heartwood. Heartwood absence was observed in some discs due to young age. Heartwood and sapwood wedges were cut to determine wood basic density using the hydrostatic balance method, recommended by ABTCP M 14/70 (ABTCP, 1974) . The method consists in submerging samples in water until reaching full saturation. Subsequently, the saturated sample is weighed with hydrostatic balance, when the material is immersed in water without touching the sides of the tared container. Afterwards, the material is totally dried until reaching constant mass. Through these data, basic density is obtained by dividing dry mass by saturated volume (Equation 1) (Balloni, 2009) .
Wherein: db = basic density (g cm -3 ); m = dry mass (g); v = saturated volume (cm -3 ).
The remaining material was fragmented and grinded to powder consistency using a cutting mill with a sieve of 0.841 mm mesh width (Mesh 20), taking care to not contaminate samples. Carbon contents were determined in the LECO C-144 analyzer, which employs the dry combustion method. In this method, the sample is completely combusted and an infrared sensor detects the carbon dioxide amount (CO2) generated, correlating it with the elemental carbon amount in the sample (Marcene et al., 2006) .
Statistical Analysis
Initially, data were submitted to descriptive statistical analysis and Kolmogorov-Smirnov normality test (D). Wood density and carbon content data of sapwood, heartwood and bark fractions, originating from two types of genetic materials (clones and seeds), were subjected to descriptive analysis and analysis of variance (ANOVA), in order to determine significant differences between variable means at 5% probability. When significant differences were found between means, Tukey's test was used to identify differences between means.
In order to diagnose possible correlation between variables, Pearson's correlation coefficient was calculated for wood basic density and carbon content data pairs, according to the following equation (Equations 2). Analysis did not consider bark carbon values, since basic density determinations were not conducted for bark. 
In which:
Wherein: Cx,y = Covariance or joint variance of X and Y variables; Sx = standard deviation of X variable; Sy = standard deviation of Y variable.
Results and discussions
Data used in this study showed normality, as indicated by Kolmogorov-Smirnov test. Variance homogeneity was also observed, which made conventional analyzes possible, such as ANOVA and Tukey's test.
Basic density showed no significant difference between means of different wood materials, resulting in 0.46 g cm -3 for sapwood and 0.48 g cm -3 for heartwood in seminal individuals. Standard deviation values were 0.06 and 0.04, respectively. The same happened to clonal individuals and no significant difference was found between wood materials, with a sapwood mean of 0.49 ± 0.04 g cm -3 and 048 ± 0.05 g cm -3 for heartwood (Figure 1 ). Average carbon contents, in turn, were 36% for bark and 44% for wood. There was statistical difference in bark carbon content between genetic materials, with clonal material being larger compared to seminal trees. There were also statistical differences in the wood, but these were less marked (Figure 2) .
Source: Research Data
Despite the lack of scientific information about the species in Brazil, there is data on wood density available in the literature that can be compared to data found in this study. However, there are no studies that examined density and carbon content in the heartwood and sapwood separately. This wood feature is very important, especially due to the properties and value that teak heartwood has in the market. Teak wood basic density shows high variability (Figure 3 ) and may be affected according to the spacing, region, planting conditions, and age. Age is an important factor, but it cannot explain wood density variations alone. In a survey conducted by Cordero & Kanninen (2003) , basic density of teak trees from Costa Rica was 0.77 g cm -3 and 0.73 g cm -3 for 10 and 47 years of age, respectively, which demonstrates low correlation between the two variables. Moya et al. (2009) , also in Costa Rica, obtained 0.71 g cm -3 for basic density in plantations that were 13 years old. In Brazil, density values fall considerably. Lima et al. (2009) found a mean value of 0.55 g cm -3 for basic density in individuals that were 31 years old in the region of Pederneiras, SP. Lima et al. (2011) reported an average of 0.64 g cm -3 for apparent density of trees that were 32 years old in the same region. Santos (2010) reported the value of 0.45 g cm -3 for trees that were seven years old in Guarapari, ES.
There is little information about the carbon content of the species under study, which was the reason for comparison with values of other important species in Brazilian forestry (Figure 4) . It was noted that teak carbon content values found in this study are comparable to those found in the literature for another tree species, which range from 40 to 45% in general. A single discordant value (55.3%) is presented by Sette Junior et al. (2006) for Pinus taeda. These values are usually lower than the value suggested as default by the Intergovernmental Panel on Climate Change (IPCC) and the value adopted in carbon quantification projects in forest ecosystems. In addition, the value is below the 50% value used in many studies addressing this issue (Dallagnol et al., 2011) . Bark carbon content values were atypically low compared to another tree species important in Brazil ( Figure 5 ). This can possibly be attributed to the fact that individuals analyzed in this study were young, or even to teak bark peculiarities. Future studies should clarify this issue.
In order to determine carbon content in plant tissues, it is essential to quantify carbon stocks in forest ecosystems. However, widely used general assumptions (such as biomass content being almost always found to be between 45 and 50%) may be a problem, considering that these values are supported by little chemical analyses (Martin & Thomas, 2011) . Another problem is associated with carbon quantification methods. Many publications are based on carbon chemical analyzes made from dried material samples, without taking into account the volatile compounds, which may represent from 1.3 to 2.5% of the total carbon contained in the wood (Thomas & Martin, 2012) . This issue needs to be further addressed in future research.
Finally, as mentioned above, correlation between basic density and carbon content, r = 0.3147, indicates weak association between these two characteristics. A similar result was observed by Sanquetta et al. (2013) for Cryptomeria japonica (Thunb. ex L. f.) D. Don, in which there was no significant correlation between basic density and carbon content in the wood of the studied species. 
Conclusions

Heartwood is formed from an early age in teak, although there are no significant differences between heartwood and sapwood basic density;  There is no tendency of different genetic materials to show marked differences related to carbon contents. Differences are more pronounced between wood and bark than heartwood and sapwood;  Wood density found in this study is lower in relation to values available in the literature for older plants;  There is lack of information on teak carbon contents, especially in Brazil. Wood contents found in this study are comparable to those of other important species in Brazil's forestry, even though trees analyzed in this study were young. For bark, carbon contents were atypically low. Carbon contents were lower than the default suggested by IPCC, and much lower than the 50% value adopted in many studies. 
